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Wide Range of Types of Electromagnetic 
Radiation in nature. 

Only a small fraction (350-780 nM is visible 
light). 

 The complete variety of electromagnetic 
radiation is used throughout spectroscopy. 

 Different energies allow monitoring of different 
types of interactions with matter. 

                        E=hv = hc/λ 











RANGE OF IR 



Principle of IR spectroscopy 



Type of Molecular Vibration 





Number of Vibrational Modes 

• The no. of Vibrational degrees of Freedom (DOF) 

• Every atom in a molecule has 3 DOF in three Cartesian coordinates which 
defines its position in space. 

• 3n= Vibrational DOF + Translational DOF +Rotational DOF (where n=No. of 
atoms) 

• We have to calculate Vibrational DOF: 

• For linear molecules, number of types of vibrations: 

• 3n= Vibrational DOF + Translational DOF (3) +Rotational DOF (2) 

• Vibrational DOF= 3n-3-2 =3n-5 

• For non-linear molecules, number of types of vibrations: 

• 3n= Vibrational DOF + Translational DOF (3) +Rotational DOF (3) 

• Vibrational DOF= 3n-3-3 =3n-6 



why so many peaks in IR spectra? 

- Overtones (2x, 2y), Combination (x+y. x+2y, 2x+y) and Difference 
bands (x-y. 2x-y, 2y-x etc.): 10-100 times less intense than fundamental 

  observed vibration can be less then predicted 
because: 

• symmetry ( no change in dipole) 

• energies of vibration are identical 

• absorption intensity too low 

• frequency beyond range of instrument 



IR Active Vibrations: 
• In order for molecule to absorb IR radiation: 

•  vibration at same frequency as in light. 

•  but also, must have a change in its net dipole moment as a 
result of the vibration. 



Transmission /Absorption  



IR spectrum in Absorption mode 

 



IR spectrum in Transmission mode 



Classification of bands 



Infrared active bonds  



Infrared band shapes 



Hooke’s Law  

• Vibrational frequency of a bond is related to 
the masses of vibrating atoms and the force 
constant (f) of the vibrating bond. 

 



 






